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摘 要 
    目的:通过采用酶联免疫吸附(ELISA)法检测重症肌无力(myasthenia gravis,MG)
患者血清乙酰胆碱受体抗体(AChR-Ab)，肌肉特异性酪氨酸激酶抗体 (MuSK-Ab)，低密
度脂蛋白受体相关蛋白 4 抗体（LRP4-Ab）浓度,探讨 AChR-Ab，MuSK-Ab，LRP4-Ab 与
重症肌无力临床分型、及与细胞因子干扰素-γ(IFN-γ),白细胞介素-10（IL-10），生
长转化因子-β（TGF-β），白细胞介素-17（IL-17）的关系。 
    方法： 
    1.本研究分为重症肌无力组和健康对照组 
    重症肌无力组,重症肌无力患者 31 例,均为 2014 年 12 月至 2015 年 6 月厦门大学
附属第一医院神经内科门诊及住院患者。所有患者均符合重症肌无力诊断标准:有典型
的骨骼肌异常易疲劳现象,晨轻暮重,疲劳实验阳性，新斯的明试验阳性,低频重复电刺
激波幅减低 15%以上。31 例患者中, 男性 17 例,占 54.8%，女性 14 例,占 45.2%，年龄
16-85 岁,年龄中位数 58 岁。对所有患者常规行胸腺 CT 检查,其中胸腺正常者 23 例,
胸腺异常者(胸腺增生、胸腺瘤等)8 例。 
    临床分型,对 31 例重症肌无力患者进行改良 Osserman 临床分型,并分为眼肌组(I
型)和全身组(II 型－V 型)两组,其中眼肌组 8 例,全身组 23 例。 
    健康对照组(Health control)29 例,均为同期健康体检者（无免疫系统疾病及其
他慢性感染性疾病）,其中, 男性 16 例，占 54.8%,女性 13 例，占 45.2%,年龄 23-75
岁,年龄中位数 56 岁。 
    2. 留取血清标本  
    (1) 取得重症肌无力患者知情同意后取空腹静脉血 4ml。  
    (2) 29 例健康对照者取清晨空腹静脉血 4ml。  
    (3) 所有标本室温下放置大于 1 小时。 
    (4) 使用高速离心机以 3500r/min 的速度离心标本 10 分钟。 
    (5) 离心后用移液器取上层血清。 
    (6) 按顺序分装于 5 个 0.5ml 的 EP 管中,标明编号。 
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    （8）为减少误差，统一进行测定。 
    3. 标本检测  




特征,临床分型将患者分为不同的亚组使用统计学软件 SPSS 进行统计学分析。 
    4. 结果:  
    (1) 使用ELISA法检测AChR-Ab, 重症肌无力组含量高于健康对照组,且有统计学
意义（P<0.05）。MuSK-Ab,LRP4-Ab 在重症肌无力组与健康对照组间无明显差异。 
    (2) ELISA 法检测 AChR-Ab 的特异性为 96.5%，敏感性为 61.2%；检测 MuSK-Ab 的
特异性为 93.1%，敏感性为 6.4%；检测 LRP4-Ab 的特异性为 93.1%，敏感性为 6.4%。 
    (3) 胸腺正常组和胸腺异常组之间 AChR-Ab,MuSK-Ab,LRP4-Ab 浓度均无明显差异
（p>0.05）。 
    (4) 依据 Osserman 分型，眼肌型与全身型中 AChR-Ab 与 LRP4-Ab 浓度无明显差异
（p>0.05）,全身型 MuSK-Ab 浓度高于眼肌型，且有统计学意义（p<0.05）。 
    (5) 重症肌无力组中的 IFN-γ，IL-17 浓度高于健康对照组，且有统计学意义
（p<0.05）; IL-10, TGF-β浓度相比无差异。 
(6) 在 AChR-MG患者血清中 TGF-β高于 SN-MG和健康对照组，MuSK-MG和 LRP4-MG
患者血清中四种细胞因子比较无明显差异。 
    5. 结论： 
酶联免疫吸附法（ELISA）检测 AChR-Ab,MuSK-Ab,LRP4-Ab 可以作为临床上检测重
症肌无力的参考指标。MuSK-MG 和 LRP4-MG 患者中无胸腺异常者尚不能证明这两种抗
体与胸腺病变有关。MuSK-MG 患者的临床症状较严重，AChR-Ab 和 LRP4-Ab 的浓度与临
床症状严重程度无明显相关。根据本试验结果，IFN-γ，IL-17 细胞因子参与重症肌
无力发病过程， IL-10, TGF-β细胞因子作用不明确。在 AChR-MG 患者中，人体通过
升高 TGF-β含量来抑制 Th1 细胞分泌 IgG1,IgG3 进行免疫调节。 
关键词：重症肌无力 乙酰胆碱受体抗体 肌肉特异性酪氨酸激酶抗体 低密度脂蛋
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                    Abstract 
Objective: By detecting the serum concentrations of AChR-Ab ,MuSK-Ab and 
LRP4-Ab in myasthenia gravis patients, To explore the correlations among the serum 
concentrations of AChR-Ab ,MuSK-Ab and LRP4-Ab in peripheral blood and clinical 
characteristics and the level of  IFN-γ,IL-10，TGF-βand IL-17 in serum. 
Methods: 
1. This study is divided into myasthenia gravis group and healthy controls. 
    Myasthenia Gravis(MG)group, 31 patients with MG were hospitalized patients in 
neurology or diagnosed in the outpatient department of Xiamen NO.1 Hospital from 
December 2014 to June 2015.All patients were diagnosed with myasthenia gravis standards: 
There is abnormal skeletal muscle fatigue phenomenon, morning light sunset heavy. Jolly 
test is positive. Neostigmine test is positive, Repetitive nerve stimulation at low frequency 
band to reduce more than 15%. 
    In 31 patients, male 17 cases, 14 cases were female, aged from 16 to 85 years, the 
median age of 58 years. On CT examination of thymus, 23 patients was normal,10 patients 
with thymus abnormal(thymus hyperplasia, thymoma etc.)  
    According to Osserman classification, patients of MG were divided into Ocular group 
and Generalized group. There were 8 cases in the Ocular group, 23 cases in the generalized 
group. Healthy controls(the health control, 健康对照)group included 29cases。13 cases 
among them were female,16 cases were male, aged from 23 to 75 years, the median age of 
56 years. 
    2. Serum specimen sampling and storage 
    (1) Take 4ml fasting blood within 24 hours from all MG patients. 
    (2) Take 4 ml blood on an empty stomach in the morning from 20 cases of healthy 
controls. 
    (3) All specimens be placed more than l hour at room temperature. 
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    (5) Pipetting the upper serum, repackaging in sequence in five 0.5 ml of EP tube. 
    (6) Indicatting  the number.  
    (8) stored in-80
。
C refrigerator. 
    To reduce error, a unified testing is required. 
    3. Test specimens 
    Using enzyme linked immunosorbent (ELISA) method to detect the MG group and 
Health control group patients AChR-Ab , MuSK-Ab and LRP4-Ab concentration. 
IFN-γ,IL-10，TGF-βand IL-17 were detected using ELISA with the manufacturer’s protocol. 
    4. Results 
    (1) According to ELISA, average concentration of AChR-Ab in MG group was higher 
than that in Health control group. The difference was statistically significant (p<0.05).But 
for MuSK-Ab and LRP4-Ab,there were no obvious differences(p>0.05).  
    (2) The specificity of AChR-Ab by ELISA detecting to the diagnosis myasthenia gravis 
was 96.5%，sensitivity was 61.2%；The specificity of MuSK-Ab was 93.1%，sensitivity was 
6.4%；The specificity of LRP4-Ab was 93.1%，sensitivity was 6.4%. 
    (3) Comparing the average concentration of AChR-Ab, MuSK-Ab and LRP4-Ab 
between normal thymus gland group and abnormal group(include Thymus hyperplasia and 
thymus gland tumor group),were not statistically significant (p>0.05) 
    (4) According to Osserman classification, average concentration of AChR-Ab and 
LRP4-Ab in Ocular group and generalized group were no statistically significant 
difference(p>0.05), average concentration of MuSK-Ab in generalized group was higher 
than that in Ocular group, and there was statistically significant(p<0.05).  
    (5) Average concentration of IFN-γ，IL-17 in MG group were higher than health 
control group, and there were statistically significant(p<0.05),  there were no obvious 
differences between IL-10 and TGF-β. 
    (6)In AChR-MG，average concentration of TGF-β was higher than SN-MG and HC 
IFN-γ，among MuSK-MG and LRP4-MG ,there were no relationship with antibody levels.  
    5.Conclusion 
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LRP4-Ab index can be used as a reference for clinical diagnosis of myasthenia gravis. The 
MuSK-Ab positive and LRP4-Ab positive cases appeared only in the patients with thymus 
normal. MuSK-MG typically have severe clinical symptoms, AChR-MG and LRP4-MG 
have no correlation of Ab density with disease grade. According to this test, IFN-γ and 
IL-17 play important roles in pathogenesis of MG, IL-10 and TGF-β still have a dispute in 
MG.  
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gravis,SNMG）。在 2000 年，Hoch 在血清阴性重症肌无力患者中发现了除 AChR-Ab
之外新的特异性抗体，肌肉特异性酪氨酸激酶(muscle-specific kinase，MuSK) 
抗体。随后国外科学家又在血清双阴性重症肌无力患者中发现了抗低密度脂蛋白
受体相关蛋白4抗体(low-density lipoprotein receptor-related protein-4 ，
LRP-4)，低亲和力 AchR 抗体（Clustered AChR-Ab）。除了上述特异性抗体外,
部分重症肌无力患者体内还存在其他非特异性相关抗体,如抗聚集蛋白抗体





    神经肌肉接头主要由运动神经轴突末端杵状膨大形成突触前膜,突触后膜由
高度特化的骨骼肌细胞膜(即肌膜终板)增厚形成,胞膜内陷形成许多皱褶。前膜
































    神经肌接头 (neuromuscular junction,NMJ)是一种位于神经末梢和肌细胞 
之间的胆碱能突触,在周围神经传递回路中起着重要作用,其有效传递依赖于突
触前神经末梢乙酰胆碱释放和突触后高密度聚集的乙酰胆碱受体簇 ［1］。因此,
只要 AChR 异常,就会影响 NMJ 的功能传递比如 AChR, 肌肉特异性酪氨酸激酶
(muscle-specific kinase,MUSK)，低密度脂蛋白受体相关蛋白 4 (1ow-density 
lipoprotein receptor_related protein 4,LRP4)及聚集蛋白(agrin) 抗体等阳
性可导致重症肌无力;NMJ 突触后膜上 AChR 功能障碍,可引起重症肌无力样综合














第一章 经肌肌肉接头（NMJ）结构及信号传导  
 
 3
1.2.1 AChR 发育过程的变化 
    AChR 发育成熟过程中,其分布，亚基组成，稳定性及 AChR 簇的形态发生很
大的变化。首先,肌管一旦形成,AChR 便开始亚基基因转录翻译，形成胚胎型 AChR 
5 聚体,插入肌细胞膜;在成熟肌细胞神经末梢下方形成成熟型 AChR。其次,在出
生早期,成熟型AChR逐渐取代胚胎型AChR,受体通道开放时间缩短而钙通透性增
加, AChR 半衰期增加。最后,随着 AChR 簇重构,突触后膜也发生了重构,NMJ 褶皱
出现,这些 NMJ 褶皱排列间距相等,垂直于肌细胞长轴,并与突触前膜 ACh 激活释
放区相对应,AChR 位于接头褶皱嵴区,盘样 AChR 簇变成椒盐饼样。新合成的 AChR 
插入突触后膜及入胞循环再利用,对突触后膜高密度 AChR 维持的持起着重要作
用［3］。 
1.2.2 Agrin 的作用 
    Agrin最初在电鳐发电器官提纯出来的一种糖蛋白,能使体外培养肌细胞膜
上AChR聚集,故命名为集聚蛋白［4］。运动神经元胞体合成的agrin经轴突运输至
神经末梢释放于突触基板,诱导AChR聚集并促进突触后膜分化。 
1.2.3 Musk 信号在 AChR 聚集中的作用 
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